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induced brain expression of lefty1 and cyclops (Long et al., Development
2003). In contrast to thismodel,whenFGFsignaling is inhibited, cyclopsand
lefty1 are bilaterallyexpressed in thebrain even in the absenceof southpaw.
Two transcription factors, six3b and six7, are required for repression of
asymmetric lefty1 expression in the brain (Inbal et al., Neuron 2007). We
have found that FGF signaling regulates expression of these transcription
factors. Fromour results, we propose amodel for brain laterality,where FGF
signaling activates six3b and six7,which in turn inhibits lefty1 expression in
the brain. Here, southpaw, rather than initiating lefty1 and cyclops, inhibits
the repressive activity of six3b and six7 in the left-side of the brain, acting as
a permissive factor for normal lefty1 and cyclops expression.
doi:10.1016/j.ydbio.2011.05.310
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The cohesin-associated protein Nipbl is known to be required for
sister chromatid cohesion, but recent studies have revealed that it also
influences gene expression, whichmay explainwhy partial reduction in
Nipbl expression causes the multisystem developmental disorder
Cornelia de Lange Syndrome. To gain insight into the origins of
embryonic defects caused by mutations in Nipbl, we established a
Zebrafish model in which Nipbl expression is reduced, to different
extents, usingmorpholinos. Nipbl-morphants exhibited a range of heart
and gut defects from abnormal looping to organ duplications; these
changes were preceded by small but significant alterations in the early
expression of key developmental regulatory genes. Restoration of
expression of either of two of these, gata5 and sox32, partially rescued
organ duplications, but not looping, suggesting that distinct mechan-
isms underlie looping and midline organ fusion defects. Here we show
that Nipbl-morphants display aberrant expression of genes involved in
left–right patterning, such as lefty2 and southpaw. Left–right patterning
is known to be required for heart/gut looping and, in Zebrafish, is
initiated by Kupffer's vesicle (KV), through activities dependent upon
themotility of monocilia of KV cells. In Nipbl-morphants, we found that
KV morphology was normal, but monocilia were shortened. Moreover,
in dorsal forerunner cells, which are the precursors of KV, we observed
reduced expression of both foxj1a, a transcription factor implicated in
ciliogenesis, and dnah9, a gene required for cilia motility. These findings
suggest that Nipbl regulates organ laterality by controlling cilia
formation and functionwithin KV. (Supported by NIH P01-HD052860).
doi:10.1016/j.ydbio.2011.05.311
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Symmetry breakage and laterality specification in fish, amphibian
and mammalian embryos depends on cilia-driven leftward flow during
neurulation. In Xenopus a functionally relevant asymmetry of serotonin
localization was described at the 32-cell stage. Here we report a role of
serotonin signaling in the specification of the superficial mesoderm
(SM) during gastrulation. The SM develops into the ciliated gastrocoel
roof plate (GRP) epithelium, which drives leftward flow. Flow, and
consequently asymmetry, were lost in embryos in which serotonin
signaling through receptor type 3 was down-regulated, either through
morpholino oligonucleotide-mediated gene knockdown or upon over-
expression of a secreted frog or human serotonin-binding domain
derived from receptor type 3. Serotonin, which we found to be
distributed uniformly along the main body axes in the early embryo,
was required for canonicalWnt signaling,whichprovides the instructive
signal to specify the GRP. Serotonin was required for Wnt-induced
double axis formation as well, suggesting a more general role of
serotonin as competence factor for Wnt signaling.
doi:10.1016/j.ydbio.2011.05.312
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Cilia-driven leftward flow of extracellular fluid at neurula stages is
essential for symmetry breakage in most vertebrate embryos. In the
frog Xenopus asymmetric localization of the P-type ion pump gastric
H+/K+ATPase a (ATP4a) was described at the 4-cell stage. This
asymmetry presents the corner stone of the 'ion flux hypothesis', which
postulates symmetry breakage at cleavage stages through asymmetric
activities of ion channels and pumps. We have investigated the role of
ATP4a in the context of leftward flow in Xenopus. No asymmetries of
ATP4a mRNA expression were found along the dorso–ventral or left–
right (LR) axis. Morpholino oligonucleotide meditated knockdown of
ATP4a resulted in LR defects only when cells of the gastrocoel roof plate
(GRP) were targeted, i.e. the site of leftward flow. Number and length of
cilia were reduced at the GRP in ATP4a morphants and remaining cilia
were mispolarized. Moreover, the master control gene of motile cilia,
FoxJ1, was down-regulated. As FoxJ1 expression requires canonicalWnt
signaling (our unpublished results)we explored a possible link between
ATP4a andWnt. Induction of secondary body axes by ventral expression
of XWnt8 or Xdshwas inhibited in ATP4amorphants, implicating ATP4a
in canonical Wnt signaling. Non-canonical signaling was affected in
ATP4amorphants aswell, asWnt–PCP dependent convergent extention
in activin-induced animal caps was inhibited. In summary, we
demonstrate a role for ATP4a in ciliogenesis and leftward flow during
LR axis specification. Our data are consistent with a model, in which
ATP4a contributes to acidification ofWnt-signalosomevesicles,which is
a prerequisite of both canonical and non-canonical Wnt signaling.
doi:10.1016/j.ydbio.2011.05.313
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During gastrulation, epiblast cells undergo epithelial to mesenchy-
mal transition (EMT) as they delaminate and ingress through the
primitive streak to form the definitive endoderm and mesoderm. The
dissociation of tight junctions between cells of the epiblast is essential
for EMT to occur. Tight junctions are localized to the apical pole of
epithelial cells and the claudin component of the tight junction is
responsible for determining the ion and size selectivity of the junction.
We are examining the expression and function of the claudin family of
integral tight junction proteins during chick gastrulation.We found that
14 claudins exhibit unique and overlapping expression patterns during
gastrulation. From these expression analyses, we have identified a novel
molecule, Claudin-10, that plays a role in directing asymmetric organ
positioning in the chick. We report that Claudin-10 mRNA is
asymmetrically expressed on the right side of Hensen's node, the site
where the asymmetric gene expression is first observed, and is
maintained throughout gastrulation. We demonstrate that overexpres-
sion of Claudin-10 on the left side of the node significantly randomizes
the direction of heart-looping, the earliest morphological sign of
disrupted left–right patterning, and disrupts normal expression of Pitx2.
In addition, morpholino knock-down of Claudin-10 results in a
significant randomization of heart-looping.We are currently examining
the effects ofmanipulatingClaudin-10 expressiononother classical left–
right patterning genes, as well as understanding how asymmetric
Claudin-10 expression is regulated, and identifying the functional
domains necessary for the role that Claudin-10 plays during left–right
patterning. These data suggest that asymmetric expression of Claudin-
10 is required for normal left–right patterning, perhaps through
regulation of the permeability of the ions that have been proposed to
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Protein fucosylation plays critical roles in neural development and
function. However, due to the non-template nature of glycosylation and
lack of effective detection methods, little is known about the molecular
details of proteins fucosylation during development. Here, we report a
new detection method based on bioorthogonal chemistry for in vivo
characterization of themolecular and cellular function of fucosylation in
Zebrafish embryos. In this strategy, an alkyne-bearing analog of GDP-
fucose, the universal fucosyl donor, is first introduced into Zebrafish
embryos by micro-injection. Then the alkyne-tagged fucosides on the
cell surface is treated with a complementary azido probe, which allows
the imaging or enrichment of the labeled glycoproteins. Using this
approach, we successfully visualized fucosylated glycans in the
enveloping layer of live Zebrafish embryos and the inner organs of fixed
embryos. Our study provided the first sketch of the spatiotemporal
expression of fucosylation in developing Zebrafish, which is probably
linked to the specific distribution of fucosylation enzymes during
development. The chemical tools reported here can be directly applied
to study sectors of the glycome and be generalized for dynamic in vivo
imaging or profiling of other bio-molecules in living systems.
doi:10.1016/j.ydbio.2011.05.315
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In mammals, 19 Wnt ligands activate canonical and non-canonical
pathways, which play important roles in development and disease.
Biochemical evidence shows that the X-chromosomal gene Porcupine
homolog (Porcn) is required for lipid modification of several, if not
all, Wnt ligands, which is essential for Wnt secretion or function. We
hypothesized an embryonic requirement for Porcn based on its
important function for Wnt secretion and the embryonic lethality of
several single Wnt mutants. Here we present evidence for the
requirement for Porcn and Wnt signaling during mouse embryonic
development. Using embryonic stem (ES) cells carrying a null allele,
we confirmed in Luciferase reporter assays that Porcn is exclusively
required in the Wnt ligand secreting cell and in vitro differentiation
as embryoid bodies further demonstrates a requirement for Porcn in
the generation of Flk1+ mesoderm and CXCR4+ endoderm. In vivo,
aggregation of Porcn null ES cells with wildtype embryos as well as
zygotic deletion of a conditional Porcn allele is lethal in hemizygous
males due to gastrulation defects. Morphology, marker gene and
canonical Wnt reporter expression are reminiscent of the earliest
single Wnt knock-out phenotype (Wnt3). Female heterozygous
embryos carrying a deletion of the maternal Porcn allele have
functionally mutant extra-embryonic tissues due to imprinted X
chromosome inactivation. These embryos display defects in chorio-
allantoic fusion consistent with the previously described requirement
for Wnt7b in the extra-embryonic chorion. Our data demonstrate a
critical role for Porcn in mouse embryonic development and in the
functions of Wnt3 and Wnt7b, but do not exclude a role for other
Wnts. The generated conditional Porcn allele is thus a tool with the
potential to abrogate all Wnt ligand secretion, thereby allowing for a




The P4 ATPase TAT-5 prevents the budding of extracellular vesicles
and phosphatidylethanolamine exposure during Caenorhabditis
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During cytokinesis and morphogenesis, embryos undergo dramatic
changes in cell shape. While much is known about the role of the
cytoskeleton, we understand less about the role of the lipid bilayer in
modulating cell shape. For example, the asymmetric partitioning of
phosphatidylserine (PS) and phosphatidylethanolamine (PE) to one
leaflet of the bilayer can affect membrane curvature and influence
dynamic membrane events such as cytokinesis and endocytosis. We
identified TAT-5, a P4 ATPase predicted to flip phospholipids to the
cytoplasmic leaflet, in an RNAi screen for regulators of contact-induced
polarity in Caenorhabditis elegans. Loss of TAT-5 results in defects in cell
shape, adhesion, cytokinesis, and morphogenesis. GFP-tagged TAT-5
localized to the plasmamembrane and TAT-5 prevented the externaliza-
tion of PE, but not PS, on the surface of cells. We used electron
tomography to examine the 3D structure of the plasma membrane at
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